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ACCELERATING MEMORY 
ACCESS AND METHOD OF 
OPERATING THE SAME] 

Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no, 91 1 03731 , 
filed March 01, 2002. 

Background of Invention 

[0001] Field of Invention 

[0002] The present invention generally relates to a control chip, and more particularly to 
a control chip for accelerating memory read-write operations and a method of 
operating the same. 

[0003] Description of Related Art 

[0004] Although a control chip is still used to control access to memory data, the speeds 
of data processing and calculation in current Central Processing Units (CPUs) are 
accelerating rapidly. Obviously, the performance and efficiency of the whole computer 
system can be further enhanced if delays caused by the control chip can be effectively 
minimized. 

[0005] 

FIG. 1 shows a schematic diagram illustrative of the connection between the 
conventional control chip (1 0) and the CPU (1 2), wherein the control chip (1 0) in FIG. 1 
encompasses a microprocessor interface (1 02), a signal conversion circuit (1 08), and a 
memory controller (1 10). A conventional microprocessor interface (102) usually 
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includes a decoder (1 04) and an AND gate (1 06), and receives a first address strobe 
(ADS) signal, a request signal (HREQ[4:0]), and an address bus signal (HA[31 :3]) from 
the CPU (1 2) by referring to a CPU clock (HCLK). Thereafter, the microprocessor 
interface (102) performs a decoding operation on the first address strobe (ADS) signal, 
the request signal (HREQ[4:0]), and the address bus signal (HA[31 :3]) via the decoder 
(1 04) In the microprocessor interface (1 02). The decoding results of the first address 
strobe (ADS) signal, the request signal (HREQ[4:0]), and the address bus signal (HA 
[31 :3]) (determining whether the memory cycle is valid or not will be described later) 
are fed into the AND gate (1 06) to determine the state of the second ADS signal. The 
second ADS signal is a command strobe signal referring to the HCLK that is then 
directed to the signal conversion circuit (1 08), which is coupled to the microprocessor 
interface (1 02). After the signal conversion circuit (1 08) receives the second ADS 
signal, it then converts the second ADS signal referring to the HCLK into a third ADS 
signal that refers to the memory clocks (DCLK). The third ADS signal is then fed into 
the memory controller (1 1 0), which is coupled to the signal conversion circuit (1 08), 
for deriving a memory control signal that refers to the DCLK and meets the memory 
specifications. The memory control signal is subsequently sent to the memory to 
control the memory access operations. 

[0006] Since the CPU reference frequency is different from the memory reference 

frequency (for example, they are 1 00 and 1 33 MHz respectively), the second ADS 
signal has to be converted via the signal conversion circuit (1 08) to generate the third 
ADS signal referring to the DCLK to perform the necessary memory access operations. 
However, since the signal conversion circuit (1 08) usually takes a long time to perform 
the conversion operations, generating the third ADS signal sometimes results in a 
longer signal delay and affects the following memory access operations. 

[0007] ji^g request signal (HREQ[4:0]) output from the CPU (1 2), mentioned above, 

includes two phases; wherein Phase I is called the "selection phase" and Phase II is 
called the "length phase". The selection phase is used to determine the transmission 
type of the HREQ[4:0] signal, while the length phase is used to indicate the length of 
the memory being accessed. The address bus signal (HA[31 :3] signal) encompasses 
two phases; wherein Phase I is called the "address phase" and Phase II is called the 
"byte enable phase". The address phase is used to specify the address of the memory 
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location, the byte enable phase is used to Indicate the data type (including the byte 
data, word data, double word data or four word data (or, quad word)) that is used for 
current memory access operations. The conventional memory cycle cannot start until 
the signal contents in Phases i and II of both the HREQ[4:0] and HA[31 :3] signals are 
manipulated. For example, if an effective memory cycle is to be actuated, It should 
satisfy the following requirements. Firstly, during Phase I signals, the request selection 
phase in the HREQ[4:0] signal should be either a memory read signal or a memory 
write signal, and the address phase in the HA[31 :3] signal indicates an effective 
memory range (i.e. a correct memory access range is indicated). Secondly, a Zero- 
length (Zlen) signal is not suggested in Phases II of HREQ[4:0] and HA[31 :3]. The 
definition of Zlen signal is illustrated as follows. Firstly, the memory length indicated 
by the length phase in the HREQ[4:0] signal is "quad word" (therefore, the Phase II of 
the HREQ[4:0] will contain a "00" signal), and simultaneous all bytes of the byte enable 
phase in the HA[31 :3] signal are disabled (i.e., the byte enable phase consists of 
continuous 0"s). If the above two conditions are satisfied (i.e., a memory read/write 
signal, an effective memory address are sent, and Zlen is not suggested), the AND 
gate (106) will output a logic high signal via the second ADS by reference to the HCLK, 
therefore a valid memory cycle is actuated to drive the associated memory access 
operations. Obviously, such a memory access operation cannot begin until the signal 
contents in Phase II of both the HREQ[4:0] and HA[31 :3] signals are analyzed. 

[0008] FIG. 2 schematically shows a waveform diagram Illustrative of a conventional 
control chip (10) performing a memory access operation, wherein a Pentium 4 CPU 
having HCLK and DCLK with operating frequencies under 1 00 and 1 33 MHz, 
respectively. Detailed operations of the conventional control chip are described 
hereinafter according to FIG. 2. 

[0009] ^py Q 2) enables a memory cycle when CPU (1 2) intends to access data from the 
memory. Whether the memory cycle is valid depends on whether the aforementioned 
Zlen signal is embedded in Phase II of the HREQ[4:0] and HA[31 :3] signals. The 
microprocessor interface (102) receives a logic low signal via the first ADS signal line 
when the CPU (1 2) wants to start a memory cycle, and both the HREQ[4:0] and HA 
[31 :3] that refer to the HCLK are sent by the CPU (1 2) after a rising edge of the HCLK. 
Afterwards, the first ADS signal, HREQ[4:0] and HA[31 :3] signals are decoded by the 



APP_ID=10064206 



Pages of 20 



decoding circuit (1 04) in the microprocessor interface (1 02). The second ADS signal 
(logic high) that refers to the HCLK is generated via the AND gate (1 06), as shown in 
the rising edge (202) of FIG. 2, if the following conditions are met. First, the request 
selection phase (HRECLA) in the HREQ[4:0] signal is either a memory read signal or a 
memory write signal and the address phase (HA_A) in the HA[31 :3] signal indicates a 
valid memory range. Second, the Zlen signal is not recommended in the length phase 
(HRECLB) and the byte enable phase (HA.B). That is, the specific condition that the 
memory length selected by the length phase (HRECLB) in the HREQ[4:0] signal is "quad 
word" and simultaneously all bytes of the byte enable phase (HA_B) in the HA[31 :3] 
signal are disabled (i.e. all at logic low or (at 0)) is not suggested. Thereafter, the 
second ADS signal enables the third ADS signal to be logic high after the rising edge 
(204) of the DCLK waveform by using the signal conversion circuit (1 08), wherein the 
logic high state associated with the third ADS signal is indicated by a rising edge 
(206), as shown in FIG. 2. The logic high third ADS signal is fed into the memory 
controller (110) to generate a relative memory control signal that refers to the DCLK 
and meets the memory specifications, as shown in the rising edge (208), and this 
control signal is subsequently sent to the memory for activating the associated 
operation. Notably, the related memory access operation can be processed after the 
second ADS signal is raised to logic high and maintained for a predetermined period 
of time. On the other hand, both the HREQ[4:0] and HA[31:3] signals continue in 
floating states after the first ADS signal is raised from logic low to high, while the 
current states of the first ADS signal, the HREQ[4:0] and the HA[31:3] signals are 
frozen until the CPU enables another memory cycle. 

[001 0] Since the control chip (1 0) does not enable the second ADS signal until an 

indication that a Zlen signal is detected. The second ADS signal cannot be generated 
until the Zlen signal has been determined to be absent from Phase II of HREQ[4:0] and 
HA[31:3]. Moreover, the performance and efficiency of CPU memory data access 
capabilities are affected by the significant signal delays caused by the signal 
conversion circuit (1 08). This implies that when the third ADS signal and the memory 
control signal appear will be lengthened. 

Summary of Invention 
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[001 1 ] Accordingly, the present invention provides a control chip for accelerating 

memory access operations and a method of operating the same. The second ADS 
signal can be generated one cycle advanced as long as the request selection phase 
(HREQ_A) indicates a memory read signal or a memory write signal, and the address 
phase (HA_A) indicates an effective memory range. Therefore, the third ADS signal and 
the memory control signal can be issued earlier than that found in the prior art and 
memory access operations will be accelerated. 

To achieve the objective mentioned above, the present invention provides a 
control chip coupled to the CPU for accelerating memory accesses and a method of 
operating the same. In one form of the preferred embodiment, the control chip first 
receives a first strobe signal, a request signal and an address bus signal sent from the 
CPU and referring to the CPU clock. The request signal encompasses a request 
selection phase and a length phase, and the address bus signal contains an address 
phase and a byte enable phase. Thereafter, the second strobe signal that refers to the 
CPU clock is issued immediately if the selection phase indicates that the request signal 
is either a memory read or a memory write request signal and the address phase 
indicates to an effective memory address range. Then, the second strobe signal is 
converted to the third strobe signal that refers to the memory clocks. On the other 
hand, an enable signal referring to the CPU clock is issued if no Zlen signal is 
detected, i.e., the specific condition that the memory length indicated by the length 
phase is "quad word" and simultaneously all bytes of the byte enable phase are 
disabled is not suggested in the length phase and byte enable phase. When both the 
third strobe signal and the enable signal are enabled, the memory control signal 
referring to the memory clocks will be generated to actuate memory access 
operations. 

The control chip for accelerating the memory access disclosed by the present 
invention includes a microprocessor interface, a signal conversion circuit, and a 
memory interface. The microprocessor interface is used to receive a first strobe 
a request signal and an address bus signal that are all sent from the CPU and refer to 
CPU clocks. The microprocessor interface issues the second strobe signal referring to 
the CPU clocks immediately after the request signal in the selection phase has 
determined a memory read request or a memory write request signal, and the address 
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phase indicates an effective memory being accessed. Then, the microprocessor 
interface generates the enable signal that refers to the CPU clocks if no Zlen signal has 
been detected. The signal conversion circuit coupled to the microprocessor interface 
is used to convert the second strobe signal into a third strobe signal, wherein the 
second and third strobe signals refer the CPU and memory clocks, respectively. The 
memory controller coupled to the signal conversion circuit then issues a memory 
control signal by referring to the memory clocks when both the third strobe signal and 
the enable signal are enabled. 

[0014] The second ADS signal in the embodiment will advance one cycle than the prior 

art because the second ADS signal is generated as long as the request selection phase 
is either a memory read or memory write signal and the address phase indicates an 
effective memory address. Therefore the third ADS signal and the memory control 
signal can arrive early, which significantly upgrades memory access performances. 

Brief Description of Drawings 

[001 5] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and together with the description, 
serve to explain the principles of the invention. In the drawings, 

[001 6] FIG. 1 shows a block diagram of the conventional control chip; 

[001 7] FIG. 2 shows a waveform diagram of the control chip in FIG. 1 ; 

[001 8] FIG. 3 shows a block diagram of the control chip for accelerating the memory 
access disclosed in the preferred embodiment of the present invention; and 

[001 9] FIG. 4 shows a waveform diagram of the control chip in FIG. 3. 

Detailed Description 

[0020] 

FIG. 3 shows a block diagram of the control chip (30) according to the present 
invention. The control chip (30) can be mounted on the motherboard to work as an 
interface component between the motherboard and the CPU (32). The control chip 
(30) contains a microprocessor interface (302), a signal conversion circuit (306) and a 
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memory controller (308), wherein the microprocessor interface (302) further includes 
a decoder (304) and an AND gate (312) and the memory controller (308) encompasses 
an arbitration circuit (310). Operations associated with the control chip (30) for 
controlling memory accessing are described hereinafter. 

[0021] 

The microprocessor interface (302) of the control chip (30) receives a first Address 
strobe (ADS) signal, a request signal (HREQ[4:0]), and an address bus signal (HA[31 :3]) 
from the CPU (32). The HREQ[4:0] includes two phases, Phase I and Phase II, which are 
respectively called "selection phase" and "length phase". The selection phase is used 
to determine the transmission type of the HREQ[4:0] signal while the length phase is 
used to indicate the length of memory being accessed. The address bus signal (HA 
[31 :3] signal) contains two phases Phase I and Phase II, which are respectively called 
"address phase" and "byte enable phase". The address phase specifies a memory 
address, while the byte enable phase indicates the data type used for memory 
accessing, for example, a byte, a word, double word or quad word. The decoder (304) 
in the microprocessor interface (302) performs the decoding operations onto the first 
address strobe (ADS) signal, the request signal (HREQ[4:0]), and the address bus 
signal (HA[3 1 :3]), while the decoding results are subsequently fed into the AND gate 
(312) through the signal line (31 2A). The AND gate (312) outputs a high logic state via 
the second ADS signal referring to the HCLK if the decoding results indicate the 
request selection phase is either a memory read or memory write signal, and the 
address phase is also addressed to an effective memory range. In the preferred 
embodiment, the AND gate (312) outputs a logic high state via the EN signal line by 
referring to the HCLK if there is no Zlen signal suggested. That Is, the specific 
condition that the memory length indicated by the length phase of the HREQ[4:0] 
signal is "quad word", and simultaneously all bytes of the byte enable phase in the HA 
[31 :3] signal are disabled (e.g., all bytes are logic low) is detected in Phase II of HREQ 
[4:0] and HA[31 :3]. The signal conversion circuit (306) coupled to the microprocessor 
interface (302) is used to convert the second ADS signal into a third ADS signal, 
wherein the second and third ADS signals refer to the HCLK and DCLK, respectively. 
Moreover, an arbitration circuit (310) mounted in the memory controller (308) receives 
the third ADS signal and the enable signal EN. When both the third ADS signal and the 
enable signal EN are enabled (i.e., both in logic high states), the arbitration circuit 
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(310) outputs a memory control signal, which is then directed to the memory to 
actuate the required memory access operations. Notably, the arbitration circuit (310) 
can be established by using an AND gate or other logic circuits, while the AND gate 
(312) can also be mounted inside the decoder, or established by means of another 
logic circuit. It will be apparent to one of ordinary skill in the art that modifications 
within the spirit of the embodiment should be included in the appended claims. 

[0022] FIG. 4 shows a waveform diagram illustrative of the memory access operations of 
the control chip (30) according to the preferred embodiment. In the embodiment, 
HCLK and DCLK are clocks respectively operating under 1 00 and 1 33 MHz, while an 
Intel Pentium 4 Is used as the CPU (32) in the present embodiment for exemplary 
purposes. Additionally, a north bridge control chip adapted to the Pentium 4 CPU is 
also employed In the embodiment. Operations in FIG. 4 are described hereinafter. 

[0023] When the CPU (32) has to access data from memory it enables a memory cycle (of 
course, whether this memory cycle is valid still depends on the presence to the Zlen 
signal). Similarly, after the rising edge of the HCLK waveform, the control chip (30) 
receives the logic low state via the first ADS signal, the HREQ[4:0], and the HA[31 :3] 
are all sent from the CPU (32) and refer to the HCLK. When the request selection phase 
(HREQJK) in the HREQ[4:0] signal determines the HREQ[4;0] to be a memory read or 
memory write request signal and the address phase Indicates an effective memory 
address being accessed, the AND gate (312) In the microprocessor Interface (302) 
drives a logic high state in the second ADS signal after the rising edge of the HCLK 
waveform (as shown by a label 402). The decoding circuit (304) in the microprocessor 
interface (302) derives a logic high state in the EN signal by referring the HCLK (as 
shown by a label 408) when there is no Zlen signal detected. The second ADS signal 
converted into the third ADS signal having a logic high state (as shown by a label 406) 
by referring to the DCLK after the rising edge of DCLK waveform (404) by means of 
the signal conversion circuit (306). Afterwards, if both the third ADS signal and EN 
signal are enabled, the arbitration circuit (310) issues a memory control signal 
referring to the DCLK and meeting with the memory specification (as shown by a label 
41 0). The memory control signal is finally sent to the memory to actuate the 
associated memory access operations. Additionally, although conversions in the signal 
conversion circuit 306 still requires a long time for operations, the system 
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performance of the embodiment can be significantly upgraded because the second 
ADS are promptly issued after the HREQJ\ and HA.A being decoded. 

[0024] Notably, two of the second ADS signals cannot be issued in two continuous HCLK 
cycles so that the second ADS signal can be maintained for a certain interval for circuit 
operations. Since the current bus specification employs logic low states on the first 
ADS signal line for notifying a valid memory access demand, a logic high state should 
be kept for a certain interval between two adjacent first ADS signals for distinguishing 
purpose. Obviously, a continuous logic low state will not be used to indicate more 
than one first ADS signal because a logic low state can only indicate an active first ADS 
signal, which also implies that no two continuous second ADS signals occur in the 
embodiment. Moreover, the enable signal EN should be maintained at a logic high 
state until the third ADS signal is also at a logic high state. Therefore both logic high 
states of the third ADS signal and enable signal EN can be recognized by the 
arbitration circuit (310) simultaneously. For example, when the third ADS signal is at a 
high logic state at the rising edge (406), the EN signal maintained at a logic high state 
(408) can also be detected by the arbitration circuit (310). The required memory 
control signal (410) can also be further generated. In the preferred embodiment (i.e. 
the frequency of the HCLK and DCLK operate under 1 00 and 1 33 MHz respectively), 
the EN should maintain an interval of at least 3/2 (i.e., 1 .5) times the HCLK period to 
assure that the enable signal EN will kept at a logic high state until the end of the 
third ADS signal (i.e., the third ADS signal is at a logic low state). 

[0025] ji^g microprocessor interface (302) promptly issues the second ADS signal as long 
as the selection phase is either a memory read or a write signal and the address phase 
indicates an effective memory address. The second ADS signal is subsequently sent to 
the signal conversion circuit (108) for being converted to have operating frequency 
adapted to memory access operations. Therefore, the second ADS signal can be 
issued one cycle advanced. Moreover, since the enable signal EN is issued if the Zlen 
signal has not been detected, the required memory control signal can be driven when 
the enable signal EN is issued and sent to the arbitration circuit (310), and then waits 
for the coming of the third ADS signal. Obviously, since the second ADS signal is 
converted into the third ADS signal one cycle advanced, delays of the control chips are 
significantly decreased in comparison to the conventional approach. Memory access 
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operations can thus be accelerated and the system performance and efficiency can be 
further enhanced. On the other hand, the associated memory cycle will be cancelled if 
the Zlen signal is detected since the enable signal EN is maintained in a logic low state 
(i.e. it is disabled). 

[0026] In conclusion, the present invention has the following advantages: 

[0027] 1. The second ADS signal will be issued one cycle advanced than the conventional 
approach since the microprocessor interface can generate the second ADS signal as 
long as the selection phase is a memory read or memory write signal and the address 
phase indicates an effective memory address. 

[0028] 2. The third ADS signal will be Issued earlier than that found in the prior art since 
the second ADS signal can be issued one cycle advanced, memory access performance 
can be upgraded according to the invention. 

[0029] Although the invention has been described with reference to a particular 
embodiment thereof, it will be apparent to one of ordinary skill in the art that 
modifications to the described embodiment may be made without departing from the 
spirit of the invention. Accordingly, the scope of the invention will be defined by the 
attached claims rather than by the above detailed description. 
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